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The International Symposium entitled ‘‘Germ Cells,
Epigenetics, Reprogramming, and Embryonic Stem
Cells’’ was organized by Norio Nakatsuji (Kyoto Uni-
versity) and Hiromitsu Nakauchi (University of Tokyo)
in Kyoto, Japan (November 15–18, 2005). The meeting
provided an overview of this important research area
and highlighted recent advances.
Epigenetics, a term coined by Conrad H. Waddington, is
now widely used in two slightly different ways: integrat-
ing the genetic endowment with tissue interactions,
including transcriptional and posttranscriptional regula-
tion, and the status of chromatin, including the modifica-
tion of DNA and histones. Both aspects of epigenetics
were covered at this meeting, including the generation
and status of various stem cells, germline development,
nuclear transplantation (NT), modification of chromatin,
and genomic imprinting. About 400 people, mostly re-
searchers and students from Japan, participated in
this 4 day meeting packed with exciting talks and poster
presentations.
Germline Development
The last several years have witnessed tremendous ad-
vances in germ cell biology, many of which can be attrib-
uted to the discovery of genes expressed in germ cells.
The recent discovery of the role of Blimp1 in primordial
germ cell (PGC) formation is one example (Ohinata
et al., 2005). Azim Surani (Cambridge, UK) summarized
the analysis of Blimp1, disruption of which causes
a loss of founder PGCs. The gene seems to function in
a similar manner as pie-1 in C. elegans and pgc in Dro-
sophila, which are required for the specification of
germ cells by repressing the somatic developmental
program. Another germ cell marker often used is mouse
VASA homolog (Mvh), a member of the cytoplasmic
DEAD-box RNA helicase family. Toshiaki Noce (Tokyo,
Japan) visualized Mvh expression by making transgenic
ES cells and mice with GFP-driven by Mvh promoter.
During in vitro differentiation of ES cells, Mvh-positive
germ cells appear after day 3–5 (Toyooka et al., 2003).
George Daley (Boston, USA) showed that postmeiotic
sperm can be differentiated from long-term culture of
ES cells (Geijsen et al., 2004), while Hans Scholer (Mun-
ster, Germany) showed that the same is true for post-
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cam.ac.uk (A.M.)meiotic eggs cells (Hubner et al., 2003). These data illus-
trate the unusually high potential of ES cells, but also
raise questions about how important the niche—i.e.,
environment—is for development of germ cells. Also
addressing this issue, Masaru Okabe (Osaka, Japan)
generated a transgenic mouse with EGFP-tagged X
chromosome (XGFP) and made a mouse with XXGFP4XY
chimeric testis. They found that a few green XXGFP germ
cells developed as eggs within the seminiferous tubules.
These aberrant testicular eggs grow up to 50 mm diame-
ter (without forming follicle-like structure) inside seminif-
erous tubes after birth and are ZP3-positive with the
ability to fuse with sperm (Isotani et al., 2005). Joshua
Johnson (New Haven, CT) from Jonathan Tilly’s lab
(Boston, MA) presented evidence that adult female
mammals retain the capacity for germ cell proliferation
(Johnson et al., 2005). Since this demands a revision of
the well-established belief that no new germ cells are
made in the adult ovary, this was a controversial and
widely discussed topic.
One of the main characteristics of germ cells in many
species is the presence of a large electron-dense struc-
ture called nuage (or germinal granules, polar granule, or
chromatoid body). Shinichiro Chuma (Kyoto, Japan)
from Norio Nakatsuji’s lab discussed the function of
Tudor-domain proteins in mouse (Chuma et al., 2003),
which are colocalized with MVH and MIWI in the chro-
matoid body. He has shown by gene disruption and
overexpression studies that these proteins are required
for the transition of spermatocytes (containing nuage) to
spermatids (containing chromatoid bodies). Toru Na-
kano (Osaka, Japan) presented the critical role of the
mouse Piwi gene family, Miwi, Mili, and Misti (Miwi2),
in germ cell development. Although Mili is expressed
in both male and female germ cells, spermatogenesis,
but not oogenesis, is blocked at early pachytene stage
in Mili2/2 mice (Kuramochi-Miyagawa et al., 2004). In
addition to the physical association between MILI and
MVH, the expression of retrotransposons was dere-
pressed in both Mili2/2 and Mvh2/2 testes. It seems
that one of the critical functions of mammalian Piwi ho-
mologs is to repress the expression of retrotranspo-
sons.
Kuniya Abe (Tsukuba, Japan) extended earlier work on
the global gene expression profiling of purified PGCs
from different stages (Abe et al., 1998) by using a trans-
genic mouse with GFP driven by Oct3/4 promoter and
FACS-sorting GFP-positive cells from the gonad. PGCs
from E11.5–E18.5 embryos were analyzed by DNA mi-
croarray. Interestingly, he noted that the expression pro-
file of E3.5 ICM is very different from epiblast or ES cells,
but similar to early PGCs. Some similarity between PGCs
and preimplantation embryos seems to be also sup-
ported by the new finding of Toshiaki Noce (Tokyo,
Japan) that the expression of Mvh is transiently in-
creased in fertilized eggs. The large number of differen-
tially expressed PGC genes identified by Kuniya Abe will
provide useful information for the research community.
Anne McLaren (Cambridge, UK) provided a historical
perspective on research into primordial germ cells
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cells. She emphasized the importance of the initial pe-
riod of culture in determining which PGCs (if any) will
eventually become EG cells. EG cells can be derived
from PGCs between E8.5 and E12.5, but not after
E12.5. However, once PGCs become more differenti-
ated, germline stem (GS) cells can be derived from neo-
natal spermatogonia (Kanatsu-Shinohara et al., 2004).
Takashi Shinohara (Kyoto, Japan) has shown that in
the presence of GDNF, EGF, bFGF, and LIF, gonocytes
isolated from the neonatal mouse testis proliferated for
more than 2 years and retained the ability to differentiate
into functional sperm in seminiferous tubules. GS cells
can be used to produce transgenic mice with high effi-
ciency (w50%). In contrast to ES cells, GS cells gradu-
ally lost telomeres but ES-like colonies emerged in
long term cultures. Kentaro Yomogida (Nishinomiya, Ja-
pan) presented evidence that undifferentiated sper-
matogonia, which contain GS cells (Yomogida et al.,
2003), contained both Oct3/4(+) and Oct3/4(2) cell pop-
ulations. He has also shown that the membrane bound
form of a c-Kit ligand (mKL) is required for the differenti-
ation of GS cells, but a soluble form (sKL) blocks the dif-
ferentiation of GS cells.
Mechanism of Epigenetic Modifications
Histone modification and DNA methylation are the two
main mechanisms associated with epigenetic mod-
ification of mammalian genomes, providing epigenetic
changes in chromatin structure and gene expression
regulation. Thomas Jenuwein (Vienna, Austria) dis-
cussed the epigenetic modification of histone lysine by
mono-, di-, and trimethylation (Kubicek and Jenuwein,
2004). He screened proteins encoding Jumonji domains
and found that Jmjd2b can abrogate the trimethylation
of H3K9 (H3K9me3) at the pericentric heterochromatin
region. Jmjd2b seems to function as either a demethy-
lase or a protein hydroxylase, which inactivatesHMTase/
Suv39h by E3 ubiquitin-mediated mechanism. Yasuhisa
Matsui (Sendai, Japan) reported his group’s discovery of
a novel H3K4-specific tri-methyltransferase—Meiosis-
induced factor containing a PR/SET domain and zinc-
finger motif (Meisetz) (Hayashi et al., 2005). The ex-
pression of Meisetz is restricted to germ cells entering
meiosis in adult testis and fetal ovary. Meisetz2/2 mice
showed a dramatic reduction of the testis and ovary
size. DNA microarray analysis has identified a down-
stream target gene containing a motif found in DNA mis-
match repair proteins.
Several talks focused on another aspect of epigenetic
modification, DNA methylation. Kunio Shiota (Tokyo,
Japan) presented work on methylation analysis of ge-
nome-wide CpG islands in mouse stem cells (ES, EG
and TS) before and after differentiation (Shiota et al.,
2002). Differentiation is associated with changes in the
methylation status of many genes, often unique to
each cell type. Masaki Okano (Kobe, Japan) presented
the dynamics of DNA methylation during embryogenesis
by using Dnmt3a2/2 and Dnmt3b2/2 mice (Okano et al.,
1999). He has shown that Dnmt3a and Dnmt3b are re-
quired to regulate the lineage-specific silencing of
a large Rhox cluster domain (0.7 Mb), which includes
Psx1, Psx2, and Pem. Using bisulfite sequencing, he
has also shown that Psx1 and Psx2 are hypomethylatedin mouse blastocysts and trophoblast cells, whereas
they are heavily methylated in the epiblast by Dnmt3a
and Dnmt3b. Hiroyuki Sasaki (Mishima, Japan) explored
the involvement of Dnmt3a and Dnmt3b in the genomic
imprinting mechanism by using a germline-specific
gene disruption strategy. He found that Dnmt3a is es-
sential for oocyte-specific methylation and functional
imprinting of maternally imprinted genes. In contrast,
Dnmt3b2/2mice did not show any germline defects (Ka-
neda et al., 2004). Germlines of Dnmt3a2/2/Dnmt3b2/2
mice show the same phenotype as those of Dnmt3a2/2
mice, indicating thatDnmt3b is dispensable for gameto-
genesis and imprinting.
Anne Ferguson-Smith (Cambridge, UK) discussed
analysis of a 1 Mb imprinted domain of mouse chromo-
some 12, which contains the Dlk1, Rtl1/Peg11, and Dio3
genes that are expressed from the paternally inherited
chromosome (Lin et al., 2003). One interesting feature
of this region is a series of noncoding RNAs, includ-
ing microRNAs (e.g., mir127 and mir136) that are ex-
pressed from the maternally inherited chromosomes of
this region. These microRNAs are processed from an
antisense transcript of Rtl1/Peg11, an intronless retro-
transposon-derived gene, and degrade the Rtl1/Peg11
mRNA in trans (Davis et al., 2005). Fumitoshi Ishino
(Tokyo, Japan) showed that another retrotransposon-
derived imprinted gene, Peg10, on mouse chromosome
6 caused placental abnormalities (no spongiotropho-
blast and no labyrinth) when the gene was disrupted
(Ono et al., 2005). He argued that some transposon-
derived genes have contributed to the acquisition of
novel genomic functions in placental formation during
mammalian evolution. He also argued for the essential
role of monoallelic expression systems by paternal
and maternal imprinting in mammalian development
(‘‘a complementation hypothesis’’), whereas Anne
Ferguson-Smith (Cambridge, UK) suggested that geno-
mic imprinting is a maternal phenomenon, since the
maternal germline/zygote cytoplasm primarily regu-
lates imprinting (‘‘the matriarch model of imprinting
control’’).
Epigenetic Control during Nuclear Transplantation
One of the unique features of mammals is the blocking of
parthenogenesis by genomic imprinting. Tomohiro
Kono and colleagues (Tokyo, Japan) have recently over-
come this barrier by devising two tactics (Kono et al.,
2004). First, they used a nuclear transplantation (NT) to
reconstitute a fertilized mouse egg with one nucleus de-
rived from nongrowing (ng) oocytes (i.e., before the oo-
cyte growth phase) and one nucleus derived from fully
grown (fg) oocytes. Because the maternal imprint is im-
posed on the genome during oocyte growth (see below),
the fg nucleus provides a normal maternal imprint,
whereas ng nucleus provides nonmaternal imprint, i.e.,
a similar state to a paternal nucleus. The ng/fg embryo
developed to E13.5, 3 days longer than standard parthe-
nogenetic embryos. Second, because H19 should not
be expressed from paternally derived genomes, they
eliminated the expression of H19 in the ng nucleus by re-
moving 13 kb of controlling sequences. This procedure
enabled the embryos to develop further to E17.5. How-
ever, only two out of 371 such embryos transferred to
a host survived until birth, suggesting that additional
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egy was used also in the study presented by Yayoi Ob-
ata (Tokyo, Japan) about the timing of oocyte-specific
methylation of imprinted genes. She has shown that
oocyte-specific DNA methylation of imprinted genes—
Igf2r, Zac1, Lit1, Snrpn, Impact, Peg1, Gnas, and
Grb10—is completed once oocytes reach >65 mm in di-
ameter (Obata and Kono, 2002). Thus, maternal methyl-
ation occurs during the oocyte growth phase throughout
adult life, whereas sperm-specific methylation of H19
and Gtl2 are established before birth.
Experts in animal cloning discussed how to improve
two major problems of somatic cell cloning: the low effi-
ciency of successful derivation of viable offspring and
the frequent occurrence of abnormal development. Yu-
kio Tsunoda (Nara, Japan) presented efforts to identify
parameters of preimplantation development that corre-
late with successful derivation of NT offspring (Tsunoda
and Kato, 2002). The timing of the first cleavage is a
good predictor of successful development of NT em-
bryos to blastocysts, but does not provide a good mea-
sure for the viability of postimplantation embryos. No
apparent correlation between the successful formation
of blastocysts and successful postimplantation devel-
opment was evident from the detailed microarray study
of Xiangzhong Yang (Storrs, CT). Gene expression pro-
files were compared between bovine blastocysts (day
7) of NT, IVF, AI, and donor cells (adult skin fibroblasts)
by using a 7872 cDNA clone microarray (Smith et al.,
Figure 1. ‘‘Kaguya,’’ the First Adult Mouse Lacking Any Male Contri-
bution to Her Genome
The mouse was named after ‘‘Kaguya Hime—the Bamboo Princess’’
from a Japanese folk tale. The photo of Kaguya in a piece of bamboo
was kindly provided by Tomohiro Kono (Kono et al., 2004).2005). NT blastocysts showed very different expression
patterns from donor cells, but similar expressions to AI
blastocysts (only 50 differentially expressed genes be-
tween AI and NT; i.e., reprogramming errors of <1% of
genes). Jean-Paul Renard (Jouy en Josas, France) also
showed that up to 80% of ES-derived NT mouse em-
bryos develop to blastocysts, which have normal cell al-
location and morphology. However, only 3.6% embryos
develop to term. Most of these postimplantation failures
are due to the failure of extraembryonic tissue develop-
ment, based on in situ hybridization and RT-PCR of
marker genes. This conclusion is further supported by
Teruhiko Wakayama (Kobe, Japan), who has generated
more than 150 NT blastocyst-derived ES (ntES) cell lines
and noted that the formation of blastocysts and the suc-
cessful derivation of ntES cells are much more efficient
than the derivation of successful NT offspring (Wa-
kayama et al., 2005). The ntES cells are very similar to
fertilized egg-derived ES cells in terms of phenotypes,
ability to differentiate in vitro and in vivo, DNA methyla-
tion profile, and gene expression profiles. Taken to-
gether, these studies seem to suggest greater optimism
about potential therapeutic application of NT-derived
ES cells, which can be made much more efficiently
and are much less error-prone than NT-derived off-
spring.
The success rate of producing viable pups by NT is
influenced by the differentiation state of the donor cells:
it gradually decreased from embryonic blastomeres
(20%–40%), to ES cells (10%–30%), adult cells (e.g.,
cumulus cells and fibroblasts: 1%–3%), and terminally
differentiated lymphocytes (0%, only possible by two
cycles of NT) (Hochedlinger and Jaenisch, 2002). How-
ever, Atsuo Ogura (Tsukuba, Japan) was able to achieve
a high cloning efficiency (w10% gave pups) even from
adult cells (immature sertoli cells) by using (C57BL/
6x129)F1 oocytes. Natural killer T (NKT) cells—termi-
nally differentiated with TCR rearrangement—are also
efficient donors for NT (Inoue et al., 2005). On the other
hand, hematopoietic stem cells (HSCs) showed much
lower efficiency for successful NT. This is counterintui-
tive, since HSCs are considered to have higher develop-
mental potential than the terminally differentiated NKT
cells, and suggests that the capacity of the genome to
be reprogrammed by NT is distinct from the extent of de-
velopmental potency as defined by its ability to differen-
tiate into many cell types.
ES Cells
Mechanisms for the maintenance of pluripotent ES cells
and their differentiation were discussed widely in this
symposium. Shinya Yamanaka (Kyoto, Japan) extended
his earlier work on Nanog, a key player in the mainte-
nance of undifferentiated ES cells (Chambers et al.,
2003; Mitsui et al., 2003). Using EGFP expressed under
the control of Nanog promoters, undifferentiated ES
cells were shown to contain EGFP(+) subpopulations
and EGFP(2) subpopulations, both viable and main-
tained as undifferentiated ES cells. Considering the es-
sential function of Nanog, it is puzzling, but intriguing,
what kind of cells those EGFP(2) cells can be. He also
showed that PI3K kinase appears to play a central role
in the maintenance of undifferentiated ES cells as
LY294002, a specific inhibitor of PI3 kinase pathway,
Developmental Cell
164decreased proliferation, impaired Nanog expression,
and induced differentiation of ES cells. Overexpression
of Nanog was able to block the differentiation induced
by the reduction of PI3 kinase activity. By microarray
analysis, Takashi Yokota (Kanazawa, Japan) identified
176 candidate genes downstream of LIF-Stat3, another
important pathway for the maintenance of undifferenti-
ated ES cells. Among these genes, Zfp572/2 did not
show any phenotype and is dispensable (Akagi et al.,
2005), whereas Eed seemed to play a critical role in the
maintenance of undifferentiated ES cells. He has also
shown that the active form of b-catenin, a component
of Wnt pathways, partially maintains the undifferenti-
ated phenotypes of mouse ES cells in the absence of
LIF. Pierre Savatier (Lyon, France) also showed the LIF-
Stat3-Pim-1-Cdc25A pathway positively controls transi-
tion of the inactive form of Cyclin E-Cdk2 complex to the
active form, thereby accelerating G1/S transition in
mouse ES cells. He also presented that mouse and rhe-
sus monkey ES cells share common cell-cycle features:
(1) a short G1 phase, (2) expression of Cyclin E through-
out the cell cycle, (3) lack of a DNA damage checkpoint
in G1, (4) the presence of a DNA damage checkpoint in
G2, and (5) independence from ERK signaling (Fluckiger
et al., 2005). Rhesus ES cells showed a longer G2 phase,
and thus longer cell cycle time, than mouse ES cells.
Following his earlier finding that repression of Oct3/4
induces ES cells to form trophectoderm (TE) lineage,
whereas overexpression of Oct3/4 induces ES cells to
form mainly extraembryonic endoderm, Hitoshi Niwa
(Kobe, Japan) has now shown that overexpression of
Cdx2 induces ES cells to form TE, whereas the overex-
pression of Gata6 induces ES cells to form extraembry-
onic endoderm (Figure 2). BecauseOct3/4 represses the
expression of Cdx2 and Cdx2 represses the expression
of Oct3/4, he proposed that a balance between expres-
sion of Oct3/4 and Cdx2 determines the cell fate at the
first cell differentiation into ICM and TE (Niwa et al.,
2005), leading to two different cell types. Cells with
Oct3/4 dominance become ICM cells, whereas cells
with Cdx2 dominance become TE cells (Figure 2). Hans
Scholer (Munster, Germany) has extended his earlier
work on Cdx2 (Tolkunova et al., 2005). He now shows
that the repression of Cdx2 by siRNA produced seem-
ingly normal blastocysts, but which cannot implant
and show very low efficiency of ES derivation (2%).
However, repression of Cdx2 dramatically increases
ES cell derivation from eight-cell embryos (34%). The ef-
fect of siRNA is transient and thus ES cells derived from
this procedure are normal and do not show any lasting
effect of the siRNA. Scholer suggested that the in-
creased efficiency of ES cell derivation and the lack of
ability to implant provide an ideal situation for human
ES cell derivation. The latter point has also been made
in a recent publication (Meissner and Jaenisch, 2006).
Another model for ICM versus TE differentiation was
presented by George Daley (Boston, MA), based on their
finding that when an oncogenic H-Ras isoform was in-
duced in mouse ES cells, the cells formed hemorrhagic
malignant tumors of trophoblastic tissues. TS-like cells
(es-TS) derived from these cells could contribute to the
placenta when they were injected into four-cell mouse
embryos. Microarray analysis also showed that es-TS
cells are indeed more similar to TS cells than to ES cells.Daley postulates that the induction of oncogenic Ras
leads to the TE lineage, whereas the induction of Eras
leads to the ICM lineage. In contrast to Eras, which
acts through Akt kinase, oncogenic Ras seems to func-
tion through the activation of Erk kinase, which leads to
the activation of Cdx2 and the repression of Nanog and
Oct3/4.
Austin Smith (Edinburgh, UK) provided a unified view
by arguing that ES cells are uniquely vulnerable to trans-
determination; they appear to lack epigenetic restric-
tions, and transcription factors alone determine their
state. By incorporating Hitoshi Niwa’s idea about the
balance betweenCdx2 andOct3/4, Austin Smith likened
the fate regulation of ES cells as a seesaw, one side car-
rying Oct3/4, Sox2, Nanog, and the other side carrying
Cdx2 and Gata6 (Figure 2). The Oct3/4 side maintains
pluripotency, whereas the Cdx2-Gata6 side tips the bal-
ance to differentiation (Smith, 2005). Changes in the epi-
genome could be imposed during differentiation. Thus,
once ES cells are differentiated, e.g, to TS cells, forced
expression of Oct3/4 does not revert them into ES cells.
He argued that the acquisition of pluripotency requires
first the erasure of somatic epigenomes and then the
change of transcription factor balance.
Differentiation of ES cells into other lineages was also
discussed. Koji Eto (Tokyo, Japan) from Hiromitsu
Nakauchi’s lab presented the most clinically oriented
research in this meeting—the production of platelets
from ES cells. As nonnucleated cells, platelets do
not suffer from many of the possible clinical complica-
tions associated with stem cell-based therapy, such as
immunological rejection or teratoma formation. By
Figure 2. Interaction and Balance among Three Transcription Fac-
tors—Oct3/4, Cdx2, Gata6—Determine the Fates of ES Cell
See details in the text and Smith (2005). Figure reproduced with per-
mission from Smith (2005).
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165Figure 3. Mouse ES Cell-Derived Megakar-
yocyte, Shedding Proplatelets and Platelet-
Sized Particles In Vitro
Images from time-lapsed video microscopy
([B] is several hours after [A]). Scale bars,
10 mm. Figure kindly provided by Koji Eto
and Hiromitsu Nakauchi. White arrowhead,
shedding proplatelets; small black arrow,
platelet-sized particles.coculturing mouse ES cells for 8–12 days with OP9 stro-
mal cells in the presence of thrombopoietin, IL-6, and
IL-11, Eto and colleagues generated polyploid megakar-
yocytes that produced platelets (Eto et al., 2002) (Fig-
ure 3 and Movie S1). These ES cell-derived platelets
are a heterogeneous population based on the presence
of CD41 and GPIba, and showed weaker integrin activa-
tion than normal platelets. Megakaryocytes are derived
from hematopoietic stem cells in vivo, but the derivation
from ES cells does not seem to involve a hematopoietic
stem cell stage. Martin Pera (Victoria, Australia) pre-
sented their analyses of Noggin-treated hESCs, more
than 80% of which develop to neurospheres (Itsykson
et al., 2005). Noggin-treated hESCs are primed for neural
lineages and show an intermediate state, i.e., express-
ing both neural markers such as PAX6, SSEA1,
AC-132/2 and pluripotent markers such as OCT4 and
GCTM-2, but it is not clear at this point if the intermedi-
ate phenotype is present in a single cell. Austin Smith
(Edinburgh, UK) also described their study showing
that pure populations of neural stem (NS) cells can
now be derived from cultured ES cells and neonate
and adult brains (Conti et al., 2005), and presented evi-
dence that autocline FGF4 primes ES cells for neural dif-
ferentiation, whereas the intracellular domain of Notch
(Notch IC) is a limiting factor for neural induction in ES
cells.
Systematic analyses of mouse ES cells begin to pro-
vide global pictures of gene regulatory networks. Ihor
Lemischka (Princeton, NJ) presented a systematic
screening and functional analysis of Nanog-like genes
involved in the maintenance of undifferentiated ES cells
(Lemischka, 2005). They have performed the microarray
analysis of RA-induced differentiation of mouse ES cells
and narrowed down the candidates to 70 genes. They
knocked down the expression of these genes in ES cells
using a lentivirus-mediated shRNA strategy. The cells
were then subjected to a variety of analyses, including a
proliferation assay, alkaline phosphatase staining, mea-
surement of histone H3 acetylation, proteome analysis,
and microarray analysis. Shilpa Kadam (Boston, MA)
also presented a systematic effort to characterize genes
involved in RA-induced differentiation of mouse ES
cells. Minoru Ko (Baltimore, MD) presented efforts to de-
fine developmental potency by systematic gene expres-
sion profiling of early mouse embryos and various stem
cells via an EST/cDNA project (Sharov et al., 2003) and
microarray analysis. He showed that principal compo-
nent analysis of these data can map individual cell/
tissue types in multidimensional state space and thegradual loss of developmental potency from totipotent
fertilized eggs, to pluripotent stem cells, and to monop-
otent terminally differentiated cells can be represented
as a trajectory in this transcript profile space. He pointed
out that these new data support what Conrad Wadding-
ton originally proposed as an epigenetic landscape.
Concluding Remarks
Many exciting developments in a wide spectrum of sub-
jects were presented at this symposium. Systematic ge-
nome-wide studies, including studies on the epigenetic
status of the genome are increasingly more common.
Germ cells, stem cells, and early embryos share many
common features, so considering them together al-
lowed all the participants to gain a more unified view
of the field.
Supplemental Data
Supplemental data, including a movie, can be found at http://www.
developmentalcell.com/cgi/content/full/10/2/161/DC1/.
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